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The effect of the duration of inadequate coronary per-
fusion pressure on resuscitation from cardiac arrest was 
examined in 32 mongrel dogs with a mean weight of 22 
± 5 kg. In all dogs, the heart was electrically fibrillated 
and closed chest compression with assisted ventilation 
was performed for 15 minutes. At this time, all dogs had 
an inadequate coronary perfusion pressure (mean 7 ± 
9 mm Hg) and were randomized to a control group 
(group 1) with continued closed chest compression or to 
one of the three groups with open chest cardiac massage. 
These three groups differed only in the duration of con-
tinued closed chest compression before initiation of open 
chest massage (15, 20 and 25 minutes, respectively, in 
groups 2, 3 and 4). 
The control group (group 1) had no significant in-
crease in coronary perfusion pressure, and only one of 
the eight dogs could be resuscitated. The three groups 
The importance of myocardial blood flow during cardio-
pulmonary resuscitation has been emphasized by several 
investigators (1-9). Recently, excellent correlations were 
found between the aortic to right atrial diastolic pressure 
gradient and experimentally measured coronary blood flow 
during cardiopulmonary resuscitation (6-8). Likewise, suc-
cessful resuscitation and short-term survival in the animal 
model were correlated with the aortic diastolic and calcu-
lated coronary perfusion pressure (aortic diastolic - right 
atrial diastolic pressure) (2-5,8,9). 
Because an adequate coronary perfusion pressure is nec-
essary for survival during prolonged resuscitation efforts, 
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with open chest cardiac massage had a significant in-
crease in coronary perfusion pressure (from 5 ± 9 to 
51 ± 26 mm Hg, p < 0.05), but the rate of successful 
resuscitation depended on the duration of inadequate 
coronary perfusion pressure before cardiac open chest 
massage. In group 2, six of eight dogs were resuscitated 
(p < 0.05 compared with the control group); in group 
3, three of eight dogs were resuscitated and in group 4 
none of the eight dogs was resuscitated. The resuscitation 
rate was significantly (p < 0.05) greater in group 2 than 
in group 4. 
These findings indicate that techniques that improve 
coronary perfusion pressure during cardiopulmonary 
resuscitation must be applied before extensive myo-
cardial cellular dysfunction occurs if the probability of 
successful resuscitation is to be improved. 
(J Am Coil CardioI1985;6:1l3-8) 
research has recently focused on techniques of improving 
this pressure during cardiopulmonary resuscitation. Several 
interventions have been tried without success. The method 
that increases coronary perfusion most dramatically is open 
chest cardiac massage (10, II), but because of the morbidity 
associated with an emergent thoracotomy, this treatment 
may be instituted too late in the course of resuscitation to 
provide adequate gain. 
This study was designed to answer the following ques-
tions: I) does open chest cardiac massage improve the re-
suscitation rate when applied to animals whose coronary 
perfusion pressure is not maintained above 30 mm Hg during 
an initial 15 minute period of closed chest cardiopulmonary 
resuscitation, and 2) does the time of initiation of open chest 
massage influence resuscitation rates? 
Methods 
Animal preparation and experimental protocol. 
Thirty-two mongrel dogs (mean weight 22 ± 5 kg) were 
anesthetized with intravenous pentobarbital (30 mg/kg) and 
an oral endotracheal tube was inserted. The right jugular 
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vein was isolated and cannulated with a catheter that was 
advanced into the right atrium. The right carotid artery was 
isolated and cannulated, and the catheter tip advanced into 
the thoracic aorta. Aortic and right atrial pressures were 
monitored throughout the study using pressure transducers 
and a multichannel polygraph. The position of all catheters 
was confirmed on postmortem examination. The right fem-
oral vein was isolated and cannulated with a 4F bipolar 
pacing catheter that was advanced into the right ventricle 
using intracardiac electrocardiographic guidance. Subcuta-
neous leads were placed for continuous electrocardiographic 
monitoring. The mechanical resuscitator (Thumper, Mich-
igan Instruments, Inc.) was readied and positioned to com-
press the sternum 2 inches (5.1 cm) with each compression 
cycle. A 50% duty cycle and 5: I compression/ventilation 
ratio was used. The resuscitator was powered by 100% 
oxygen and a ventilation pressure of 18 cm of water was 
employed. 
The heart of the animals was fibrillated using a 60 Hz 
current through the bipolar pacing catheter. Immediately on 
documentation of ventricular fibrillation and hypotension, 
cardiopulmonary resuscitation was begun as described. Be-
ginning at 3 minutes, epinephrine was given in progressive 
intravenous bolus injections (0.5 mg and increasing by 0.5 
mg every 2 minutes to a maximum of 3 mg) in an attempt 
to maintain coronary perfusion pressure (aortic - right atrial 
diastolic pressure gradient) at greater than 30 mm Hg. If 
this pressure gradient was maintained at 15 minutes of ven-
tricular fibrillation, the dog was eliminated from the study. 
Thus, only those animals whose coronary perfusion pressure 
was less than 30 mm Hg (and that were, therefore, unlikely 
to be resuscitated) were included in this experiment. 
Study groups. The 32 dogs were alternately separated 
into four groups of eight dogs each. In group I (control), 
closed chest compression was performed for 15 minutes 
(three dogs) or 18 minutes (five dogs) before external coun-
tershock with 80 J of energy. If necessary, full resuscitative 
attempts were continued for 5 minutes according to protocol. 
For recurrent ventricular fibrillation, repeated attempts at 
defibrillation, additional epinephrine (1 mg intravenous bolus 
injection), lidocaine (1 mg/kg body weight) and reinstitution 
of closed chest compression were utilized. For electrome-
chanical dissociation and asystole, resumption of closed 
chest compression and additional epinephrine (1 mg) was 
given. The animal was considered resuscitated if it main-
tained a blood pressure of at least 80% of baseline at 20 
minutes after defibrillation. 
Groups 2, 3 and 4 underwent open chest cardiac mas-
sage, and differed only in the duration of closed chest car-
diac compression before the initiation of cardiac massage. 
After 15 (group 2), 20 (group 3) or 25 (group 4) minutes 
of closed chest compression, the animals underwent a left 
lateral thoracotomy and the one-hand technique of direct 
cardiac massage was performed for 3 minutes. The dog's 
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heart was then internally defibrillated using 15 J. Again, if 
necessary, resuscitative measures were continued for an ad-
ditional 5 minutes. At 20 minutes after defibrillation, suc-
cessful resuscitation was determined as described. All an-
imals were then sacrificed using euthanol anesthesia and 
underwent autopsy. 
Statistical methods. The successful resuscitation rates 
in control animals (group I) and groups 2, 3 and 4 were 
compared using the Fisher's exact test. Mean aortic and 
right atrial pressures were recorded throughout the experi-
ment. The estimated coronary perfusion pressure was cal-
culated by subtracting the right atrial mid-diastolic pressure 
from the aortic mid-diastolic pressure. Significant differ-
ences between aortic and coronary perfusion pressures were 
determined approximately I minute before and after open 
chest massage in each experimental group using the paired 
Student's t test. In addition, significant differences in the 
aortic and coronary perfusion pressures during open chest 
massage in groups 2, 3 and 4 were determined using the 
unpaired Student's t test. 
Results 
Resuscitation (Fig. 1). In all dogs, the heart was defi-
brillated after one or two electrical shocks. In the group that 
received only closed chest compression (group 1), only one 
of the eight dogs was resuscitated and maintained arterial 
pressure for 20 minutes after defibrillation. In group 2, in 
which open chest cardiac massage was applied after 15 
minutes of closed chest compression, six of the eight dogs 
Figure 1. Resuscitation rates with closed chest compression and 
open chest cardiac massage over time. Comparison of successful 
resuscitation rates in group I (closed chest compression [CCM] 
for 15 to 18 minutes), group 2 (open chest cardiac massage [OCM] 
after closed chest compression for 15 minutes), group 3 (open 
chest cardiac massage after closed chest compression for 20 min-
utes) and group 4 (open chest cardiac massage after closed chest 
compression for 25 minutes). Differences in resuscitation rates 
were significant between groups I and 2 (p < 0.05) and groups 
2 and 4 (p < 0.05). 
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Figure 2. Aortic pressures during closed (CCM) and open (OCM) 
chest cardiac massage. Average aortic systolic and diastolic pres-
sures (and standard deviations) approximately I minute before and 
after open chest cardiac massage is initiatea in group 2 (open chest 
cardiac massage after 15 minutes of closed chest compression), 
group 3 (open chest cardiac massage after 20 minutes of closed 
chest compression) and group 4 (open chest massage after 25 
minutes of closed chest compression). Systolic and diastolic pres-
sure differences were significant between open chest and closed 
chest cardiac massage in all of these three groups (p < 0.05). 
were resuscitated. The resuscitation rate of group 2 was 
significantly better than that of control group I (p < 0.05). 
When open chest cardiac massage was delayed until after 
20 minutes of closed chest compression (group 3), only 
three of eight dogs were resuscitated; when it was delayed 
until after 25 minutes of closed chest compression (group 
4), none of the eight dogs was successfully resuscitated (Fig. 
1). The resuscitation rate in group 4 was significantly less 
than that in group 2 (p < 0.05). There was no difference 
in the resuscitation rate among groups I, 3 and 4. 
Hemodynamic data. Figure 2 shows the average aortic 
systolic and diastolic blood pressures approximately 1 min-
Figure 3. Pressure changes from 
closed chest compression (CCC) to 
open chest cardiac massage (OCCM). 
Aortic (Ao) and right atrial (RA) 
pressure tracing during closed chest 
compression and open chest cardiac 
massage after a thoracotomy is per-
formed in one animal. 
RA 
Ao 
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ute before and after open chest cardiac massage was initiated 
in groups 2, 3 and 4. In group 2 (15 minutes of closed chest 
compression), aortic systolic pressure increased from 28 ± 
14 mm Hg during closed chest compression to 96 ± 31 
mm Hg during open chest cardiac massage and arterial di-
astolic blood pressure increased from 10 ± 8 to 69 ± 21 
mm Hg. In group 3 (20 minutes of closed chest compression), 
systolic arterial pressures increased from 16 ± 7 to 82 ± 
34 mm Hg and arterial diastolic pressures from 8 ± 7 to 
53 ± 28 mm Hg with open chest massage. In group 4 (25 
minutes of closed chest compression), arterial pressures in-
creased in systole from 24 ± 10 to 92 ± 27 mm Hg and 
in diastole from 11 ± 7 to 58 ± 19 mm Hg after open 
chest cardiac massage. In all three groups (2, 3 and 4), the 
difference between the systolic and diastolic pressures ob-
tained during closed chest compression and the respective 
systolic and diastolic pressures obtained once the chest was 
opened was significant (p < 0.05). No difference was found 
in open chest systolic or diastolic pressures among the three 
groups with open chest massage (2, 3 and 4). Arterial sys-
tolic and diastolic pressures during closed chest compression 
were not significantly different among any of the four groups. 
Figure 3 is one of the pressure tracings showing a marked 
increase in aortic systolic and diastolic pressures with open 
chest direct cardiac massage. Right atrial systolic and dia-
stolic pressures also increase, but not to the same extent as 
the aortic pressures; hence, the coronary perfusion pressure 
is markedly increased with open chest massage. Direct car-
diac massage was regularly begun in less than 40 seconds 
from the time closed chest massage was discontinued. 
Coronary perfusion pressure. Figure 4 shows the mean 
coronary perfusion pressures approximately 1 minute before 
and after open chest massage was instituted in groups 2, 3 
and 4. In group 2, mean coronary perfusion pressure in-
creased from 5 ± 9 mm Hg during closed chest compression 
to 59 ± 22 mm Hg during open chest massage; in group 
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Figure 4. Coronary perfusion pressures (CPP) (aortic - right 
atrial diastolic pressure) approximately 1 mihute before and after 
open chest cardiac massage (OCM) is initiated in group 2 (open 
chest cardiac massage after 15 minutes of closed chest compres-
sion), group 3 (open chest cardiac massage after 20 minutes of 
closed chest compression) and group 4 (open chest cardiac massage 
after 25 minutes of closed chest compression). Pressure differences 
between open chest cardiac massage and closed chest compression 
were significant in all three open chest groups (p < 0.05). 
3 it increased from 4 ± 11 to 46 ± 30 mm Hg and in 
group 4, from 1 ± 6 to 39 ± 26 mm Hg. A significant 
difference in coronary perfusion pressures before and after 
open chest massage was demonstrated in all three groups 
(2,3 and 4) (p < 0.05). No difference in coronary perfusion 
pressures were found among the three groups during open 
chest massage. No difference in coronary perfusion pres-
sures during closed chest compression was found among all 
four groups (1 [control], 2, 3 and 4). 
Postmortem results. Catheter placement was confirmed 
in all cases. Several animals undergoing open chest massage 
had pulmonary contusions secondary to the mechanical trauma 
of the rib spreaders. There was no other difference in trauma 
among the control group (1), which received only closed 
chest compression, and groups 2, 3 and 4, which received 
both closed chest compression and open chest massage. 
Discussion 
Importance of aortic diastolic and coronary perfusion 
pressures. The importance of an adequate coronary per-
fusion pressure for resuscitation from cardiac arrest was first 
noted by Crile and Dolley (1) in 1906. They postulated that 
the "basic problem, then, in resuscitation seemed to us to 
be that of securing by some means of some infusion a 
coronary pressure approximately amounting to from 30 to 
40 mm mercury. " This concept was reinforced by the work 
of Redding and Pearson (2-5), who demonstrated that it 
was the alpha-adrenergic effect of epinephrine that was im-
portant for resuscitation from cardiac arrest in the animal 
model. They postulated that alpha-agonists caused periph-
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eral vascular vasoconstriction which raised the aortic dia-
stolic pressure and increased coronary perfusion. They showed 
that if the aortic diastolic pressure could be increased to 
greater than 40 mm Hg through the use of closed chest 
compression with drugs or other techniques, animals were 
successfully resuscitated. When this level of diastolic pres-
sure could not be obtained, the animals all died. 
Sanders et al. (9) demonstrated that aortic diastolic and 
aortic - right atrial diastolic pressures (coronary perfusion 
pressure) could be used as a prognostic and therapeutic guide 
for successful resuscitation from cardiac arrest. Animals 
could be successfully resuscitated from 30 minutes of ven-
tricular fibrillation if their coronary perfusion pressure could 
be maintained at greater than 30 mm Hg with closed chest 
compression and pressor agents. However, some animals 
could not maintain their pressure at this level even with 
large doses of epinephrine and could not be resuscitated. 
Ditchey et al. (6) showed that coronary blood flow had an 
excellent correlation (r = 0.97) with the mean aortic -
right atrial pressure gradient. Michael et al. (7) recently 
demonstrated that myocardial blood flow was strongly cor-
related (r = 0.84) with the diastolic aortic - right atrial 
pressure gradient. Ralston et al. (8) found that myocardial 
blood flow and resuscibility are highly correlated with the 
mid-diastolic arteriovenous pressure difference in a canine 
model of cardiac arrest. 
Thus, it seems that the aortic diastolic and the aortic to 
right atrial diastolic pressure gradients are important de-
terminants of resuscitation from prolonged cardiac arrest. 
A major effort has recently been focused on techniques of 
improving this pressure gradient during cardiopulmonary 
resuscitation in an attempt to improve resuscitation effec-
tiveness. Experiments from many laboratories (10-14) 
using a variety of interventions have shown that the most 
successful technique for increasing the coronary perfusion 
pressure is thoracotomy and direct cardiac massage. At pres-
ent, however, there is no role designated for direct cardiac 
massage in the Advanced Cardiac Life Support treatment 
protocols from the American Heart Association (15). 
Open chest cardiac massage. Open chest massage in 
resuscitation from cardiac arrest is not a new concept. In 
fact, its use preceded the development of closed chest 
compression in 1960. The reported efficacy of open chest 
massage before 1960 varied from 16 to 50% (16,17). Spo-
radic reports of patients being resuscitated with open chest 
massage after unsuccessful closed chest compression have 
appeared. Del Guercio et al. (18) described four patients 
who were resuscitated with open chest massage after closed 
chest compression failed. Shocket and Rosenblum (19) de-
scribed a patient who was successfully resuscitated by open 
chest massage after prolonged closed chest cardiopulmonary 
resuscitation. Sykes and Ahmed (20) reported on four sur-
vivors in whom internal cardiac massage was used after 
unsuccessful external efforts at resuscitation. 
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Previous hemodynamic data comparing open with closed 
chest massage imply improvement in some variables but not 
others. In a study done in patients undergoing thoracotomy 
and internal massage, Del Guercio et al. (18) demonstrated 
that the cardiac index doubled, but the mean arterial pressure 
did not significantly change when direct cardiac massage 
was used after closed chest compression. Bayne and Joswig 
(21) reported on two patients who received open chest mas-
sage after unsuccessful closed chest compression; one showed 
considerable improvement in arterial pressures and cardiac 
output and the other showed improvement in arterial blood 
gas determinations with open chest massage. Weiser et al. 
(22) also demonstrated that open chest cardiac massage 
produces a higher cardiac output and arterial pressure when 
compared with closed chest compression in an animal model 
of carliac arrest. In recent studies, Bircher et al. (23,24) 
showed improved carotid blood flow, arterial pressure and 
cerebral perfusion pressure in an animal model using open 
chest massage after closed chest compression. In contrast, 
Redding and Cozine (25), using 12 small dogs in cardiac 
arrest, showed no improvement in carotid flow or aortic 
pressure with the use of open chest massage. 
In our study only one of the eight animals could be 
resuscitated when standard closed chest compression did 
not support a coronary perfusion pressure of 30 mm Hg. 
The resuscitated animal had a coronary perfusion pressure 
of 26 mm Hg just before defibrillation. In contrast, six of 
eight dogs that underwent thoracotomy and open chest car-
diac massage at 15 minutes were resuscitated. The impli-
cation is that, when applied early, open chest cardiac mas-
sage may improve the resuscitation rate. Examination of the 
corresponding hemodynamic data reveals a possible expla-
nation for this increased resuscitation rate. Coronary per-
fusion pressure is greatly improved immediately on the ini-
tiation of open chest massage. Although it decreases slightly 
throughout the 3 minute period of open chest massage, the 
differences are not statistically significant and it remains 
strikingly better than that achieved with closed chest mas-
sage. This increase in calculated coronary perfusion, when 
applied early, appears to improve myocardial function suf-
ficiently to allow successful defibrillation and the return of 
an adequate arterial blood pressure. 
Clinical implications. An important consideration in the 
use of open chest cardiac massage is when to initiate such 
treatment. Our data imply that if it is reserved only for a 
"last ditch" effort, opening the chest probably will not be 
effective, even though hemodynamic variables are im-
proved. Although six of eight dogs were resuscitated when 
open chest cardiac massage was initiated after 15 minutes 
of closed chest compression, only three of eight were re-
suscitated after 20 minutes and none of eight after 25 min-
utes of inadequate closed chest compression. The impli-
cation is that improving coronary perfusion pressure after a 
period of inadequate myocardial perfusion may be effective 
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only if irreversible myocardial damage has not occurred. 
Once significant myocardial damage has occurred, improv-
ing coronary perfusion pressure may not be beneficial. The 
duration of closed chest compression and rate of successful 
resuscitation in this animal model correlate closely with 
findings in recently reported clinical studies. In their study 
of in-hospital cardiac arrest, Bedell et al. (26) found that 
when resuscitative efforts were completed within 15 min-
utes, 44% of patients survived. In contrast, if resuscitation 
required 15 to 30 minutes, only 5% survived. No patient 
survived whose resuscitation required more than 30 minutes. 
The problem for the practicing physician is that at present 
there are no noninvasive variables that can be followed to 
determine which patients are receiving ineffective cardio-
pulmonary resuscitation. The physician can only use un-
responsiveness to standard Advanced Cardiac Life Support 
protocols as evidence of ineffective resuscitation efforts. 
However, such protocols take time and may cause the phy-
sician to persist with ineffective techniques past the critical 
period when open chest massage might be effective. Further 
research in the area of rapid assessment of the efficacy of 
cardiopulmonary resuscitation and prognostic indicators of 
successful resuscitation of patients in cardiac arrest is needed. 
Limitations of the study. Caution must be used when 
transferring the data from the dog model to patients with 
cardiac arrest. The chest configuration of the usual keel-
chested dog is significantly different from that of human 
subjects. Hence, closed chest compression in this model 
may not produce the same degree of myocardial perfusion 
as it might in human subjects. In some dogs (usually small 
animals that are not keel-chested) and perhaps in some hu-
man beings, adequate coronary perfusion pressure can be 
maintained for prolonged periods using closed chest 
compression techniques and epinephrine. Therefore, the du-
ration of inadequate closed chest compression before tech-
niques such as open chest cardiac massage as used in this 
study cannot be strictly applied to individual clinical cases. 
In addition, long-term cardiac and neurologic survival were 
not specifically addressed in this study but are important 
factors that must be considered in further investigation. 
Implications of the study. This study demonstrates that 
techniques that improve coronary perfusion pressures during 
cardiopulmonary resuscitation must be applied reasonably 
early to improve resuscitation from cardiac arrest. The exact 
role of direct cardiac massage for the treatment of patients 
in cardiac arrest remains to be determined but deserves 
serious consideration and further investigation. 
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